HLA matching of donors and recipients plays a major role in the success of organ transplantation. Race differences in HLA have been reported elsewhere.
iNTRODuCTiON:
Major Histocompatibility Complex (MHC) Class I and Class II matching of donors and recipients plays an important role in the success of organ transplantation [1, 2] . HLA diversity has been reported with the most diversity amongst Blacks [3] [4] [5] . High levels of diversity was found in Blacks living in Africa (The Gambia, South Africa, Malawi) and in Blacks in the diaspora such as from Martinique in the Caribbean and African Americans in the USA [3, 6, 7] . In a previous report from Durban, differences in the prevalence of certain HLA antigens between children with nephrotic syndrome have been observed in Black Africans and Indians [8] .
The association of HLA and diseases are widely reported [9] [10] [11] [12] . Certain HLA antigens have been associated with renal disease and cardiovascular diseases, especially certain phenotypes are associated with cardiovascular hypertrophy [13, 14] . Other associations include, for instance, HLA A3 which is associated with low prevalence of atheromatosus in subjects with type2 diabetes mellitus [15] . In this study, we analyse head to head HLA diversity between race groups (Black Africans, Whites, Indians and Coloureds(individuals of mixed ancestry)) in the same region.
The aim of this study is to analyse the diversity of HLA Class I and II in kidney donors and recipients according to race and to discuss implications on kidney transplantation within and across races. Knowledge of HLA diversity among race groups may help predict how long a patient is likely to wait for an organ. Also, it may help forecast the prevalence of certain diseases in our population and therefore could be a useful tool for planning medical resources.
MATERiAlS AND METhODS:
This a retrospective study examining the HLA type of kidney donors and recipients from the transplantation database at the division of Nephrology at Addington Hospital and Inkosi Albert Luthuli Hospital (IALCH) in Durban, South Africa.
MATERiAlS:
All files of kidney donors and recipients attending Addington Hospital and IALCH were included from 1985-2002. Kidney donors include living related (2/3) and cadaver (1/3). A total of 474 individual files were recorded. They were analysed according to HLA type and race. There were 143 Blacks, 169 Indians, 88 Whites and 74 Coloureds (individuals of mixed ancestry).
METhODS:
All tissue typing tests on blood collected by venesection on kidney recipients and donors described above, were performed at The Laboratory of Immunology, South African Blood Bank Services, Durban, South Africa.
MHC Class I typing was done with serological methods as previously described [16] . MHC Class II HLA typing was done using serological and molecular methods as previously described [17] . Class I typing was performed using serology typing trays. Molecular typing for HLA Class II (DR and DQ) was performed using the SSP method until 2001. Thereafter the SSO method was used [18] .
All samples collected at the same period were subjected to the same laboratory processes. Results of all patients HLA typing for MHC Class I (A, B) and MHC Class II (DRBeta and DQBeta1) loci were included and analysed according to race. Results were analysed using Instat 2 programme (Graphpad, San Diego, CA, USA). X 2 or analysis of variance were used to compare various groups.
RESulTS:
For HLA A locus: 18 distinct alleles were recorded in Blacks with the two most frequent being A30 (19%) and A2 (16%). In Indians, 17 alleles were recorded, A2 (20%) and A24 (18%) were the most frequent. In Whites, 16 alleles were observed and the most frequent were A2 (29%) and A1 (17%) (Fig 1) , Table 1 .
For the HLA B locus: 29 alleles were recorded in Blacks with the two most frequent being B58 (13%) and B44 (12.5%). In Indians, 28 alleles were recorded and B35 (16%) and B57 (10%) were the most frequent. In Whites, 31 alleles were observed and the most frequent were B7 (17%) and B8 (15%). Certain HLA alleles (eg, HLA B35) were statistically more frequent in one race group: 16% in Indians, but are rare in other races: 7% in Whites and 5% in Blacks (p<0.05) (Fig 2, Table 1 ).
For DR locus: 29 distinct alleles were recorded. In Blacks 21 alleles were recorded with the most frequent alleles being DR 11 (20%). In Indians, 21 haplotypes were recorded, and DR 2 and DR 7 were the most frequent. In Whites, 10 haplotypes were observed and the most frequent were DR 2 and DR 0301 (Fig 3, Table 1 ).
For DQ locus: 16 alleles were observed. In Blacks, 13 alleles were recorded with the most frequent being haplotype DQ 0602 (17%). In Indians, 13 alleles were recorded, DQ 0601 being the most frequent. In Whites, seven alleles were observed, the most frequent being DQ 0301 and DQ 6.
Certain alleles (eg, DR 15) were frequent in one race group: 11% in Indians but are rare in another races: 4% in Blacks (Fig 4) . Table 1 highlights the main alleles with the most difference between races, while Figures 1-4 reveal the wide difference in the allele distribution between race groups in our population.
DiSCuSSiON:
Class I and Class II HLA alleles are diverse in the South African population. Race differences in the profile of HLA types are observed for both A, B, DR and DQ loci. There are similarities with reports from individuals living on other continents [3, 6, 7] . Diversity among our different races resembles reports from other regions. In Martinique in the Caribbean amongst the population of Black ancestry, the most prevalent alleles of A locus are A30, A34 and A66 as in our Black African population [6] . B15, B35 and DR B1 are the more prevalent for the B and DR in our Black population. In the US Cao et al analysing the frequency of HLA A, B and C found 46, 100 and 32 respectively, and in African Americans is maximal at all while the lowest was found in Caucasians [6] .
The role of HLA goes beyond the matching for organ transplant. The association of HLA and disease is widely reported [20] [21] [22] . Recently a less severe HIV infection has been associated with certain HLA B types [23] .
Our population includes both patients and healthy donors. This is the closest we could get to the general population. We still need to confirm these results in a truly representative sample of the population. However, the same is applicable to all races. We have observed statistically significant differences between races, and by comparing have observed a similarity between our results and the general population. Race differences in the profile of HLA types are observed. Although kidney donation can be done across racial lines, the contribution of kidneys from various race groups is variable. We must encourage all race groups to contribute to the kidney donor pool to improve HLA matching [1, 2] . Furthermore, kidney donation is based only on major histocompatibility complex. There may be significant difference in minor histocompatibility genes that are not accounted for. Diversity in genes involved in the processing of peptides presented by MHC Class I proteasome genes and genes for peptide transport associated proteins (TAP) have been reported [24, 25] . This may render difficult HLA matching between donors and recipients in organ transplantation in South Africa.
Several reports have indicated differences in racial groups. Wadee & Du Toit revealed there were HLA differences within the Indian population (hindus, muslims, tamils) living in Johannesburg (South Africa) [26] . A linkage disequilibrium was found in Aw33, B44, B35, Cw4, B7, and Cw7 antigens. Antigen Aw34 was absent in these populations. The same was found in the Indian population in this study. Modiba et al., reported difficulty in having a good match amongst the South African Black population resulting in a less favourable outcome [27] . Du Toit et al in a report on MHC Class I revealed variation in Black African, Coloured and Caucasians [5] . Martell et al reported the HLA Class II alleles DRw8 and DRw14 were only observed in a mixed ancestral South African population [28] .
The Coloured population in South Africa is formed of population of mixed origin and the San people [24] . One would expect to have the diverse alleles found in other race groups plus alleles present in the San people. Similar observations were reported in Latin America highlighting the complexity of HLA profile in a population of mixed origin [29] . This may render difficult HLA matching between donors and recipients in organ transplantation.
In our transplant programme, living related transplantation is the most practised (2/3). As we are striving to increase the percentage of cadaver transplant, it is important that the increase of cadaver donors occur for all the race groups to maintain or improve HLA matching between donors and recipients. Currently most cadaver donors are from White communities. White cadaver donors represent 2/3 while the most recipients of cadaver donors are from the Black population. Barriers to transplantation amongst Blacks and Indians needto be identified and addressed to increase the number of transplants and improve the outcome. Otherwise, the increase in the number of cadaver transplants in Black and Indians would occur at the expense of HLA matching, therefore compromising the outcome. 
